A whiplash is a sudden acceleration-deceleration of the neck and head, typically associated with a rear-end car collision that may produce injuries in the soft tissue. Often there are no objective signs or symptoms of injury, and diagnosing lasting whiplash associated disorders (WAD) is difficult, in particular for individuals with mild or moderate injuries. This leaves a scope for compensation-seeking behaviour. The medical literature disagrees on the importance of this explanation. In this paper we trace the long-term earnings of a group of Danish individuals with mild to moderate injuries claiming compensation for having permanently lost earnings capacity and investigate if they return to their full pre-whiplash earnings when the insurance claim has been assessed. We find that about half of the claimants, those not granted compensation, return to an earnings level comparable with their pre-whiplash earnings suggesting that these individuals do not have chronic WAD in the sense that their earnings capacity is reduced. The other half, those granted compensation, experience persistent reductions in earnings relative to the case where they had not been exposed to a whiplash, even when they have a strong financial incentive to not reduce earnings. This suggests that moderate injuries tend to be chronic, and that compensation-seeking behaviour is not the main explanation for this group. We find that claimants with chronic WADs used more health care in the year prior to the whiplash than claimants with non-chronic cases. This suggests that lower initial health capital increases the risk that a whiplash causes persistent WAD. JEL-Codes: I12, J29
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Introduction
Experts estimate that every year at least 1.5 per thousand of the population experience a whiplash (Lønnberg 2001) . A whiplash is a sudden acceleration-deceleration of the neck and head that may produce injuries in the soft tissue, i.e. muscles, tendons, ligaments joints or nerves. The typical situation leading to a whiplash injury is a rear-end collision. In this type of collision, the cervical spine initially adopts an S-shape with hyperextension at the lower cervical spine levels, and hyperflexion at the upper levels, followed by a C-shaped configuration of the cervical spine with a hyperflexed neck in the rebound phase. This sudden extension and flexion of the cervical spine or neck is an injury-generating mechanism known as whiplash. Whiplash can also be produced with side or front collisions or in other types of situations, but rear-end impacts are the most frequent cause of whiplash injury (e.g. Spitzer et al. 1995) .
A whiplash may injure muscles, ligaments, tendons, facet joints, intervertebral discs and nerve tissues; all these injuries are known as whiplash injuries. A person who has been injured by whiplash can immediately or some days after the collision experience a range of symptoms including neck pain, back pain, neck weakness, back weakness, vision disorder, dizziness, headaches, unconsciousness, or neurological symptoms. These are frequently labelled whiplash associated disorders (WAD) (Spitzer et al. 1995) .
The existence of temporary symptoms is well-documented, and most people who are injured by whiplash recover within a few weeks. The particular injury producing persistent WAD is still, however, not well known, c.f. Johansen et al. (1999) .
1 A discussion about the existence of chronic WAD is going on in the medical literature, with some researchers attributing chronic disorders to specific injuries and others sceptical towards the existence of persistent WAD (Livingston 2000) . The first group, mainly rooted in health-care disciplines, has shown some evidence on the origin of chronic pain. The most relevant argument of this group is that a whiplash movement of the neck may injure the facet joints of spinal disc, rich in nerve endings, even with a low-speed rear-end collision, see Panjabi et al. (2004) . The other group questions the existence of chronic WAD on the basis of statistical analysis. For example, in a study of 210 persons experiencing rear-end collisions in Lithuania, Obelieniene et al. (1999) found that those involved in the collisions reported no more symptoms than a group of controls 2 . Other studies find large variations in incidence and chronicity across 2 countries, cf. Ferrari and Russel (1999) , and argue that only psychological, cultural and socioeconomic factors can explain the presence of chronic WADs. In cases with mild to moderate injuries there are often no objective signs or symptoms of injury, and diagnosing lasting whiplash associated disorders is difficult. This leaves a scope for compensationseeking behaviour. Cassidy et al. (2000) have shown that removing the possibility for compensation for pain and suffering in a Canadian province in 1995 was associated with a reduced number of insurance claims and a more rapid recovery. Their results suggest that the economic costs and benefits associated with the compensation system influence the propensity to claim compensation. Importantly, however, for many claimants the recovery was not fast or complete after the compensation scheme was changed. Moreover, recent evidence suggests that a substantial number of injured people do not recover quickly, and Cassidy et al. (2007) , and Côté et al. (2004) shows that neck pain in the general population tends to be persistent, even when not related to motor vehicle crashes.
In Denmark a unique system for evaluating the extent of chronic WAD exists. Persons or insurance companies can have whiplash cases assessed by an independent governmental body, the National Board of Industrial Injuries (henceforth NBII), before the conflict reaches the judicial system. The NBII evaluates each case based on statements from medical experts and occupational history before and after the collision, including information about income and tax payments, and information from the employer, and decides on a degree of lost earnings capacity (henceforth LEC), which in turn decides the level of compensation paid by the insurance company according to the Damage Liability Act. The assessment made by the NBII is only advisory, but in most cases the decision of the NBII is followed by both parties without a subsequent trial. The degree of LEC is settled when the point of maximum medical improvement has been reached, and compensation is awarded when the LEC is 15% or more.
The case is then closed and compensation is paid out as a lump-sum transfer. From this point the case cannot be reopened to reduce compensation if the claimant returns to full prewhiplash earnings. In this case the claimant does not have any financial incentive to stay out of work.
The objective of this paper is to give a description of whiplash claimants with mild or moderate cases in terms of their pre-whiplash characteristics and to explore the extent to which they return to full pre-whiplash earnings when they have a strong financial incentive to do so. If they return to the pre-whiplash earnings level we take it as evidence that they are likely not to have persistent WADs and if they do not return then we take it as evidence that they are likely to have persistent WAD affecting their earnings capacity. We pursue the 3 objective by considering the long-term labour force participation and earnings of persons claiming to have chronic WAD and whose case has been assessed by the NBII. The NBII supplies us with an assessment of the severity of WAD in terms of their assessment of the degree of permanent LEC. The analysis focuses on a sample of persons assessed to have mild or moderate degree, i.e. maximally 30%, of permanent LEC. This selection is made because these cases are most likely to involve persons who have no physical and objective damages, thus implying a large scope for being susceptible to economic incentives and hence a potential
for disagreement between claimants and insurance companies. The data set is based on records from NBII about some 1,200 persons claiming to have WAD following collisions occurring in 1996 to 1998, and who are assessed to have mild or moderate chronic WADs.
These records are merged at person level to public administrative records with longitudinal information covering 1994-2002 about the purchase of prescription drugs, use of the public hospital system, earnings, information about family composition and other demographics. The same information is obtained for a 2% random sample of the Danish population serving as a control group. This information allows us to identify earnings, indicators of health, and other characteristics of WAD claimants measured before the collision occurs and to compare subsequent labour-market performance up to 5 years after the collision, i.e. after the case is closed and potential compensation paid out, with non-claimants who are otherwise similar with respect to these characteristics.
This paper is, to our knowledge, the first within the economic literature to analyse the effects of WAD on long-term labour-market performance. Measuring effects of non-work related injuries is rare since this category of injuries is usually not well-documented. We are able to examine the effects of WAD because Denmark has a unique system for assessing this type of injuries. Since a considerable fraction of the population is likely to be affected by WADs every year it is interesting in its own right to investigate the economic consequences of WADs.
This study also advances the medical literature on WADs in several ways, and the contribution derives from the richness of the data. The data set is unique along at least three dimensions. First, it contains information about an unusually large number of WAD claimants, including both individuals who were not given compensation and individuals who were given compensation for lost earnings capacity. Previous studies, except Cassidy et al. (2000) are mainly based on small samples obtained from medical trials, see for example Kwan and Friel (2003) , and such trials are known to under-sample cases with mild and moderate WAD. This is because of the difficulties associated with diagnosing and implying that people are often given different diagnoses. This, in turn, implies that the statistical documentation is often incomplete, especially with regard to mild to moderate cases. As mentioned, the data exist because of the unique Danish system for evaluating WADs. Second, unlike any previous study, the data set contains a large number of variables with pre-collision characteristics of the claimants, including earnings and health indicators. This feature is unique and it permits us to give a detailed description of the selection into choosing to claim compensation for permanent LEC. Second, the medical literature does not present consistent evidence of any independent association between pre-whiplash health and recovery, cf. Côté et al. (2001) . The pre-collision characteristics allow us to identify prognostic factors for whiplash recovery, and this is important because it facilitates clinicians and insurers to more accurately predict the outcome of patients with whiplash injuries. Third, it contains a large control group for which similar information is collected. The size of the data set, the historic information and the control group allow us to control for selection effects to a larger extent than was previously possible and to give a rich description of the heterogeneity in responses.
Measuring the long-term earnings of whiplash claimants is important for more general considerations about the design of compensation schemes. The lack of objective damages creates a situation where claimants potentially know more about the true state of nature than does the insurer. Therefore, individuals may choose to claim compensation without actually having chronic WADs or to exaggerate the severity of WADs. 3 This is sometimes referred to as ex post moral hazard, see for example Bolduc et al. (2002) . Recovery tends to be faster in countries/jurisdictions where the possibility for compensation for pain and suffering is more limited, see Cotê et al. (2001) . This has been used as an argument for removing or limiting common law/tort scheme compensation arrangements and to replace them with no-fault schemes that limit compensation for non-economic loss, i.e. for pain and suffering 4 .
In our paper we use economic information in the form of long-term earnings and exploit rules providing economic incentives to return to work to investigate if whiplash claims potentially motivated by compensation-seeking behaviour are in fact likely to be associated with persistent WAD affecting permanent earnings capacity adversely. Unlike previous studies we are able to control for pre-collision health. This is important, because whiplash claimants have worse health than an average person from the population already before the collision, and not controlling for pre-collision health will make claimants appear to have 5 worse health outcomes than non-claimants even when the collision has had no impact on health. We find that half of the sample of claimants does not experience a drop in long-term earnings relative to individuals with a similar health record who did not claim compensation for permanently lost earnings capacity due to chronic WAD.
In the next section the compensation scheme for persons with WADs is described. In section 3 the data are presented. Details about the empirical strategy are presented in section 4. Section 5 gives results, and the final section sums up the analysis.
Compensation Schemes
In Denmark, whiplash injuries are included among the injuries which have incurred outside the course of work, but still provide compensation. The Damages Liability Act establishes that an injured person can be compensated among other things for temporary pain and suffering, temporary loss of earnings, permanent disability and permanent LEC.
The difficulty in detecting moderate whiplash injuries with medical screening and the uncertainty of the permanency of its symptoms complicates the determination of eligibility for LEC compensation. Frequently, the injured party's insurance company disagrees with the injured person about the severity of WAD, and in these cases an external evaluation of the effects of the whiplash injury is required. The Damages Liability Act defines the compensation scheme and eligibility conditions, and the National Board of Industrial Injuries (NBII) evaluates the extent of the injury through its board of medical consultants and experts. Figure 1 represents a hypothetical case where a whiplash injury produces a reduction in earnings capacity. After the injury, the individual generally experiences a drop in earnings capacity in the months immediately following the whiplash. Some months later the health of the injured reaches a stable level, but the earnings capacity does not reach its previous level.
Irrespective of who is responsible for the collision, he or she is entitled to compensation from the insurance company of the other side. In many cases the insurance company or claimant will require an evaluation of LEC from the NBII. The length of the evaluation period depends on the severity of the symptoms. Concretely, in our sample, the average length period of this is approximately 9 months for the rejected applications (LEC<15%) and one year for moderately compensated applications (15%LEC30%). In spite of the differences in the length of the evaluation period, the period elapsed between the injury and the closure of the case is of similar length at approximately 2.5 years for all applicants. This is because in more severe cases the time interval between injury and claim is smaller than for mild cases. Besides compensation for permanent LEC it is also possible to obtain compensation from permanent injury. This is different from the compensation for LEC and is intended to cover the direct health effects of the injury and the impact on life quality, not necessarily related to the earnings capacity. The degree of permanent injury is assessed by medical consultants of the NBII when the health situation of the injured has been stabilised. The assessment is based only on the medical consequences of the injury in terms of physical and mental nuisance related to the injury, and does not depend on pre-accident earnings, education, sex or any 7 other personal characteristics of the injured. Compensation is awarded when the degree of permanent injury is 5% or more. Compensation is proportional to the injury degree, and the maximum compensation of 302,000 DKK 7 is obtained when the degree of permanent injury is 100%. The level of compensation decreases with age if the claimant was older than 59 at the time of the injury. Compensation for LEC is typicallly much higher than for permanent injury, but it is also relatively more difficult to obtain. In our sample, 95% of the claimants obtained compensation for permanent injury while only 47% obtain compensation for LEC.
Finally, besides compensation for LEC and permanent injury, compensation is also granted for temporary pain and suffering and for temporary earnings losses in the period ranging from the point of the collision and the stationary health point. This is calculated from pre-injury earnings, and is paid out only when the point of stable health has been determined.
Data
The data set is based on the records of NBII for individuals who experienced a whiplash in the period 1996-1998. closed within 4 years from the whiplash in order to be able to follow labour-market outcomes after the case has been closed and where the economic incentive to return to work is strong.
This reduces the sample to 1,296 persons. After removing observations with missing values for the covariates and outcomes used in the application, the final sample includes 1,203 individuals claiming compensation for permanently reduced earnings capacity.
[ For the analysis we consider separately four sub-groups, 'Non-compensated Women'
(N=204), and 'Compensated Men' (CM) (N=155). These numbers present a finding that is consistent with the finding in the medical literature that women have a much higher probability of suffering WAD and to claim compensation for persistent WAD, Cassidy et al. (2000) , and to suffer persistent neck pain in general (Côté et al. 2004) . Tables A1 and A2 in the appendix present a description of the socio-economic characteristics and health status of these sub-groups of claimants. Irrespective of gender and the success of the claim, in the year before the whiplash, whiplash claimants use more drugs and use the hospital system more than the average individual from the population in spite of being approximately two years younger.
Taking a more detailed look at these tables, individuals who choose to claim in the future have a higher proportion of disorders and much higher use of prescription drugs. Irrespective of gender, the average whiplash claimant was using more drugs than the average control person did. The most consumed drugs are drugs targeting the muscular-skeletal system, antiinfective drugs, and drugs for the respiratory system, drugs for alimentary tract and 9 metabolism, and drugs for the nervous system. Compensated claimants used relatively more drugs than non-compensated claimants prior to the whiplash. For example, future compensated women used 10%-points more drugs targeting the respiratory system, 9
percentage-points more drugs for the muscular-skeletal system and 8 percentage-points more anti-infective drugs than the control group, while compensated men used 12 percentage-points more anti-infectives, 10 percentage-points more drugs for targeting the muscular-skeletal system and 8 percentage-points more drugs for the respiratory system than the control group.
Finally, women deciding to claim used more drugs for genito-urinary system and sex hormones than women in the control group did.
The whiplash claimants also had a higher proportion of disorders the year before the injury. The year before the whiplash injury, irrespective of gender, claimants had on average more soft-tissue disorders, back pain, injuries to wrist or hand, and injuries to ankle or foot than control group members in spite of being relatively younger. Previously, it has been suggested, though not consistently documented in the medical literature (Côté et al., 2001) , that persons with migraine and neck pain prior to the whiplash experience slower recovery.
Our findings are consistent with this. We, however, also find that claimants have a history of injuries to other parts of the body, namely wrists, hands, ankles and feet. Table A1 also shows that on average whiplash claimants have less education, are more likely to be single, earn less, have less working experience, and are less wealthy than the average individual in the control group. This is consistent with the findings of Cassidy et al. (2000) .
Econometric Approach
The objective is to estimate the earnings loss that whiplash claimants actually experience in the long run. To do this, ideally, an experiment should be run where a group of persons are randomly assigned to be exposed to whiplash and their earnings growth following the whiplash then compared to that of the individuals in the control group. Obviously, we do not have access to data from such an experiment, and we therefore employ non-experimental methods to estimate the average long run earnings loss of individuals claiming whiplash associated disorders. This object is known as the average treatment effect on the treated, see e.g. Heckman and Vytlacil (2005) , and it will be estimated by statistical matching.
Parameters of interest
Consider the counterfactual framework as a starting point for defining the average treatment effect on the treated where in this context having been exposed to a whiplash and claiming whiplash associated disorders is the treatment and individuals claiming WADs are the treated.
The average effect of the whiplash on earnings growth is
  E is the cross-sectional expectation operator, X for whiplash claimants had they not been so. If, however, a whiplash is caused by a random event (conditional on B X ) then it is reasonable to assume ignorability-of-treatment
where between the groups of persons not claiming and the group of persons claiming WADs. This is
where  
is the probability of treatment conditional on B X . (3) requires that the probability for claiming WADs conditional on B X must not be given with certainty, since otherwise it is not possible to find a control with the same B X .
The implicit assumption made by (2) is that the whiplash is caused by a random event (conditional on B X ). A whiplash is typically a result of a rear-end car crash. The crucial assumption here is thus that individuals do not intentionally expose themselves to car crashes conditional on B X . Having a higher propensity to crash is permitted to the extent that it is based on observed characteristics. Young men, for example, are at greater risk of being involved in and causing serious collisions. But, it is not permitted that individuals expose themselves deliberately to a whiplash in the anticipation that they can obtain compensation afterwards. However, the vast majority of WAD are caused by being struck by another vehicle implying that most WAD claimants are victims of collisions . It
is also assumed that all persons actually having WADs adversely affecting permanent earnings capacity will always claim, or symmetrically, that no individuals with actual permanently reduced earnings capacity following a whiplash will be in the control group. This is a reasonable assumption since the pecuniary benefits from obtaining compensation for permanently reduced earnings capacity are significant. If this assumption is correct then all truly permanently affected individuals will be in the claimant group, but the group of claimants will potentially also include individuals who have been exposed to whiplash without actually having WADs chronically affecting their earnings capacity. Such individuals will appear in the data without any lasting effects on earnings growth of the whiplash.
Matching on the Propensity Score
Under the validity of the conditional independence assumption (CIA), stated in equation (2), the only source for differences between observations is differences in covariates. Matching balances the covariates. Rosenbaum and Rubin (1983) show that given (3) assumption (2) can be stated in terms of the propensity score score. Here the propensity score is estimated using a probit specification.
The matching estimator applied here is the simplest possible. For each individual in the claimant group a single match is found from the control group that minimises the difference in the propensity score. This is called nearest neighbour matching. Matching each treated observation with one observation from the control group minimises the bias, but is generally inefficient since many observations from the control group are discarded. Matching is done with replacement, so that the same individual from the unconstrained group can act as matched control for different constrained individuals. Reusing observations minimises the risk that matched observations do not look like the observations in the treatment group, i.e.
minimises the risk of bias. The disadvantage is that reusing observations causes loss in the precision of the estimate of the treatment effect. The variance estimator should take this into account. A schematic presentation of the matching protocol is given in table A4 in the appendix.
The main justification for this estimator is the simplicity of its implementation. Many alternative matching metrics exist. In particular, for each treated observation it is possible to match with more than one observation from the control group, either by matching more neighbours with equal weight or by matching more controls in a kernel weighted fashion as suggested by Heckman et al. (1997) . This generally creates a gain in efficiency, but introduces a bias, since not only the best matches are used. 8 Moreover, matching can be performed directly on covariates by minimizing the weighted sum of squared distances between the covariates. Such estimators have been discussed by Rosenbaum and Rubin (1985) and Abadie and Imbens (2006) among others. Generally, there is no evidence that propensity score matching is less preferred than covariate matching (Zhao, 2004) . 8 We also tried to use the five nearest neighbours, but results were largely similar. 13
Choice of Covariates
The choice of covariates is crucial. So far the CIA has been justified based on an assumption that all relevant covariates are controlled for. In practice, the covariate set has to be selected.
Unfortunately, there is no formal guide for choosing the covariates; in particular there is no justification for selecting variables based on a goodness-of-fit criterion (Heckman and Navarro-Lozano, 2004 ). In section 3 it was seen that the characteristics of the claimant group were quite different from those of the random sample. This suggests that balancing the covariates is important in this context. The purpose of the matching procedure is exactly to balance the covariates, and the key criterion justifying it is that (2) is satisfied.
One approach to selecting the covariate set is to first take a stance on what covariates
should not be adjusted for (Imbens, 2004) , and then, conditional on that, to argue what variables should be included in the covariate set. Conditional independence imposes the restriction that the covariate set is not affected by treatment itself. One way of assuring this is to include only variables that are measured before the collision occurs. Therefore, households are compared in terms of their characteristics measured in the year before whiplash claimants are exposed to a whiplash. For this to be credible it is necessary to rule out individuals intentionally exposing themselves to the whiplash in the anticipation that they will obtain compensation. As already discussed this is likely to be satisfied in this context.
Next, in order to consider what variables should be included in the covariate set we depart from the standard framework applied in health economics. The performance by individuals in the labour market is determined by the joint inputs of human capital and health capital (Grossman, 1972) . More health capital leaves the individual more resistant towards adverse health events. Human capital and health capital both influence the performance in the labour market, so that high levels of both increase total productivity in the labour market. Individuals may be heterogeneous with respect to their ability to produce human capital and health capital, and investments in human capital and health capital are potentially non-separable, so that, for example, a person with a low level of health capital also has a low level of human capital. A whiplash is an adverse shock to the health capital that may keep the individual unable to attend to his job temporarily or permanently. His initial level of health capital may also influence his ability to recover from an adverse health shock. Two individuals experiencing a similar adverse shock due to a whiplash may respond differently to it in terms of absence from the job and in terms of recovery, because they have different levels of health capital prior to the shock. We assume that the level of health capital prior to the whiplash is correlated with the use of hospital services and the use of prescription drugs. A wide range of 14 indicators for diagnoses registered at public hospitals the year before the whiplash is included.
Moreover, we also include a range of indicators for the use of prescription drugs the year before the injury. It is the intention that these health status covariates control for individual heterogeneity in the health capital, which is likely to affect both propensity to claim WADs and the future performance in the labour market. These indicators are not used by the NBII to produce their estimate of permanent loss of earnings capacity.
Apart from variables indicating the level of health capital, variables describing the level of human capital of the individual are also included. Specifically, we include earnings, experience and the level of education, all measured prior to the collision. We also include controls for the financial situation prior to the collision. Specifically, indicators for the level of assets and liabilities and for spousal income are included. We also include controls for age of the individual and for the number of children in the household that the individual belongs
to. Finally, it should be noted, that we do not control for initial injury severity, which is known to be prognostic for recovery, cf. Côté et al. (2001) . We do, however, control for the severity of the injury to the extent that the assessment of NBII is correct.
Results
This section presents results from estimating the average loss of long-term earnings growth and labour-market participation of whiplash claimants. First, results from estimating the propensity score are presented along with an assessment of ability of the matching estimator to balance the covariates. Next, the main results are presented. Finally, the response heterogeneity is explored in section 5.3. The matching estimator, among other things, distinguishes itself from the most conventional regression-based estimators by allowing for heterogeneous responses in a non-parametric fashion. The heterogeneity in responses is explored along two dimensions. First, it is explored if earnings responses are correlated with any of the covariates and then quantile earnings effects are presented.
Estimating the Propensity Score and Assessing the Quality of the Matches
The propensity score is estimated using a probit model giving the probability of claiming Estimates are presented in tables A5 and A6 in the appendix 9 . There are some general patterns consistent with the descriptive analysis. The parameter estimates suggest that the propensity to claim compensation for permanent WADs tend to be negatively correlated with education, and that persons living in couples are less likely to claim compensation for reduced earnings capacity. Interestingly, earnings appear not to be a good predictor for the propensity to claim. The estimated parameters on the health variables, on the other hand, suggest that persons with diagnoses related to the functioning of the back and neck are more likely to claim compensation. For example, people with soft tissue disorders, migraine, and back pain tend to be more likely to claim. This is important because these conditions are highly prevalent in the population; see for example Côté et al. (2000) . In some cases other types of diagnoses that are unrelated to injuries typically related to whiplash, also have predictive power for the propensity to claim. The overall picture is that general health status prior to the whiplash is an important predictor for claiming compensation. In terms of a more general economic terminology this could be interpreted in the direction that lower levels of prior health capital predicts the propensity to claim compensation for permanent LEC.
Matching on the propensity score balances the propensity scores. What is really important is if the matching procedure balances the covariates. While many of the parameters are not estimated significantly the evidence suggests that the matching procedure is able to balance the covariates. To assess if the matching procedure has balanced the covariates the standardised bias 10 is calculated for all variables and for all the four cases (CM, NCM, CW, NCW) both before and after matching. The standardised bias before is presented in column 1
and 5 of table A5 and A6 in the appendix, and the standardised bias after matching has been performed is presented in column 4 and 8 of the same tables. If the standardised bias is above 20 then the bias is large (Rosenbaum and Rubin, 1985) . Only for men is it possible to identify standardised biases that exceed 20, and only in two cases for both compensated and noncompensated men. In the bottom of the table a weighted average bias is also calculated to 9 Many parameters are not estimated significantly, presumably due to the large number of parameters included in the models. We choose to maintain this large conditioning set, since Heckman et al. (1997) found that the matching estimator performed best in their study when a rich set of conditioning variables was used, and that considerable bias was induced by using a crude conditioning set. 10 The standardised bias is the difference between the sample means of the treated and matched controls as a percentage of the square root of the average of the sample variances in the treated and matched control groups, see Rosenbaum and Rubin (1985) : Finally, before turning to the presentation of the main results, it is crucial to assess if the common support requirement for treatment and control groups is satisfied. Figure 2 shows kernel densities of the estimated propensity scores for all the four cases, compensated/noncompensated men/women. Generally, for all cases the support of the control group appears to overlap the support of the treatment group 11 . This indicates that it should be possible to find valid controls for all the cases.
[ figure 2 about here]
Main Results
The results from estimating the average effect of claiming WADs for claimants are presented in two steps. First, the estimated average employment effect of the whiplash for individuals claiming compensation for permanent reductions in earnings capacity due to WAD is presented, and the presentation goes on to deal with earnings effects. Negative numbers indicate that whiplash claimants on average have lower employment/earnings than the matched control group. Effects are estimated for each year following the whiplash and for all four groups, compensated and non-compensated, men and women, respectively. Estimates are provided for all horizons because this offers a way to get indications as to whether symptoms following the whiplash are permanent or more likely to be temporary in nature.
First, estimated employment effects are presented in table 2. The results indicate that individuals having been awarded an LEC less than 15% on average do not experience a significant reduction in the employment propensity. Persons, who have been assessed to have experienced an LEC in the interval 15-30%, on the other hand, exhibit a reduced employment propensity at all horizons. This result is generally the same for both women and men.
Moreover, there appears to be a short-term reduction in the employment propensity of 20-25% within the first two years after the whiplash, but then the employment propensity appears to recover slightly to settle at a long-term reduction in the employment propensity of about 15%.
11 For men, though, there may be limited overlap for observations with the largest estimated propensity scores.
To check for the importance of this the calculations have been repeated conditioning on the difference in propensity scores between claimants and matched controls not exceeding 0.0001. This did not affect the estimates.
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[ Table 2 about here]
The employment outcome represents the external margin. Based on these results it appears that most persons still maintain their ability to work. It is, however, possible that some people are able to participate in the labour market, but at a reduced intensity. We therefore go on to explore if claimants experience reduced earnings relative to the matched controls. the reduction in earnings appears to be fairly constant whereas for women there is a tendency for a more dramatic reduction in the short run, 1-3 years, and a slight recovery at longer horizons, 4-5 years after the collision. For persons with a smaller assessed earnings loss, not entitling them for compensation, there does not appear to be any significant reduction in earnings at any horizon.
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[ Table 3 about here]
Turning to the results presented in the right side of table 3 it is seen from the '%>0' column that all groups experience a large reduction in employment as time passes. For example, for the group of compensated men the share of employed reduces from 60% in the first year after the collision 13 to 34% five years after the collision. This drop in employment is, however, the unconditional drop. Recall from table 2 that the drop over the five-year-horizon is only 15% when compared to the group of controls. In other words, claimants would have faced a 12 Potentially these results are sensitive to the LEC classification made by NBII. This may be particularly imminent at the margin, where LEC=15%. To investigate this we computed propensity scores and calculated ATT by considering individuals with LEC=15% and LEC>15% separately. For individuals with LEC=15% the estimated effect is significantly negative for all years, and it is also significantly different from the ATT obtained for non-compensated claimants, i.e. for individuals with LEC<15%. 13 The year before the whiplash the share with positive earnings in the four claimant groups was: CM: 80%, NCM: 82%, CW: 82%, NCW: 82%.
considerable risk of leaving employment even if they had not been exposed to whiplash.
Considering the average estimated earnings effect among persons with positive earnings it is evident from table 3 that there is an immediate earnings loss for compensated men of some 30%, but the loss reduces to 16% after five years. For women the picture is different. Here the immediate drop is 50%, but it reduces to about 6% five years after the collision. For noncompensated men and women the data suggest no average earnings loss at all horizons.
Finally, combining these results with the descriptive statistics from before an interesting pattern appears. The fact that compensated claimants used more health services than noncompensated claimants prior to the whiplash suggests that a low level of initial health capital increases the risk that a whiplash causes persistent WAD.
Heterogeneous Responses
A priori heterogeneity in the response to claiming a whiplash injury should be expected.
Response heterogeneity is investigated along two dimensions. First, it is investigated if responses correlate with earnings and other characteristics measured before the collision. 
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[ Table 4 about here]
The parameter estimates on LEC in table 4 suggests that the estimated earnings loss gets larger as LEC increases. Individuals who had their case closed and was assessed by the NBII to have experienced a permanent loss in their earnings capacity of at least 15% received financial compensation in the form of a onetime lump-sum transfer. Such a transfer could potentially reduce the willingness to supply labour, and thereby increasing the estimated earnings loss, since a transfer increases the level of financial wealth enabling the individual to buy more leisure. Table 4 The results presented in table 4 indicate that for compensated men and women prior earnings is a very strong predictor for the size of the earnings loss at all horizons. The parameters indicate in both cases that persons who had higher earnings before the whiplash tend to have bigger reductions in earnings after the whiplash relative to what they would have had if they had not been exposed to a whiplash. 14 We note that these results are conditional on the inclusion of LEC, which is proportional to the level of compensation, and the estimated parameters on pre-earnings are therefore net of any effect related to compensation. In summary, the results reported in higher pre-collision earnings to suffer bigger losses than non-compensated women with lower pre-collision incomes. This appears to be in favour of the hypothesis that among rejected women there are some who actually did experience a permanent reduction in earnings capacity. We have checked the robustness of this result by modelling pre-collision earnings with polynomials, and that analysis suggests that the result for non-compensated women is not robust, as opposed to the results for the other groups.
To check the robustness of our findings we have tried extending the analysis reported in table 4 by adding a list of additional regressors. 15 The medical literature has pointed out that psychosocial factors may play a role for recovery, see for example Carroll et al. (2006) . To address this we included indicators for neurotic, stress-related and somatoform disorders, and the use of anti-depressants. 16 Moreover, it could be that the estimated earnings loss among compensated individuals can be directly related to recorded health outcomes. To address this we extended the analysis by including several indicators for injury severity (dorsalgia, neck injury, use of anti-inflammatory products, muscle relaxants, analgesics, and psycholeptics. In addition, due to the relative high frequency of ear disorders and head injuries, we included an indicator for diseases of the ear and mastoid process, and an indicator for injury to the head).
In the case of women, due to the relative high frequency of disorders related to pregnancy, we included an indicator for it, and we included an indicator for delivery as well in order to capture that after child birth mothers experience a temporary decline in earnings because of maternity leave. In some cases these variables were significant, but for none of the additionally included variables was the pattern of significance systematic and more importantly, in no case did the inclusion change the results reported in table 4. Finally, we also tried to include a measure of the duration of the evaluation period, i.e. how long time the 21 NBII used for evaluating the case. Also in this case the inclusion of this variable did not affect the results reported in table 4.
We now turn to explore the heterogeneity in responses along a different dimension. In table 5 results from estimating quantile effects, cf. Firpo (2007) , of claiming permanent whiplash-associated disorder are presented for 1 to 5 years after the collision. The pattern that appeared in the average results is confirmed at the range of quantiles (0.2, 0.4, 0.5, 0.6, and 0.8) that we have estimated for. In particular, non-compensated individuals appear not to have reduced earnings relative to what they would have had if they had not been exposed to the whiplash, and this is the case for all the quantiles that we have estimated for. For the noncompensated groups there appears not even to be a temporary earnings loss, except for the lowest quantile for non-compensated men. For this particular group, however, earnings are regained after three years. Quantile results also confirm the average results for compensated men and women. Compensated individuals experience an immediate but temporary drop in earnings that is bigger than the long-term loss as measured 5 years after the collision. Again, this pattern holds at all quantiles, and the earnings loss increases when moving from higher quantiles to lower quantiles. For compensated men the long-term earnings loss is at least 15%, comparable with the assessed earnings loss. The long-term earnings loss for compensated women appears to be smaller than for compensated men, and this is the case at all quantiles.
In fact, among the women who have achieved compensation, at least half of the group experiences an earnings loss that is very small, and indeed much smaller than the assessed permanent loss of earnings capacity.
[ Table 5 about here]
Conclusion
In this paper we characterise a group of Danish individuals claiming compensation for having permanently lost earnings capacity and explore if they return to their full pre-whiplash earnings after the insurance claim has been assessed and the financial incentive to return to pre-whiplash earnings is strong.
The analysis is based on data about some 1,200 persons claiming to have permanently lost some earnings capacity due to chronic whiplash-associated disorders as a consequence of collisions occurring in 1996 to 1998. These records are merged at person level to public 22 administrative records with longitudinal information about earnings, the purchase of prescription drugs, use of the public hospital system, information about family composition and other demographics. The same information was obtained for a control group consisting of a 2% random sample from the population. Unlike any previous study this made it possible to characterise claimants in terms of a rich set up pre-whiplash characteristics and to compare the development of earnings of WAD claimants from before the collision and up to five years after the collision with that of non-claimants who are otherwise similar in terms of precollision health indicators, earnings and other characteristics.
We find that about half of the claimants, those not granted compensation, return to an earnings level comparable with their pre-whiplash earnings suggesting that these individuals do not have chronic WAD in the sense that their earnings capacity is reduced. The other half, those granted compensation, experience persistent reductions in earnings relative to the case where they had not been exposed to a whiplash. The reduction in earnings persists after the whiplash claim has been assessed in spite that they have a strong financial incentive to not reduce earnings. This suggests that moderate injuries tend to be chronic, and that compensation-seeking behaviour is not the main explanation for this group. We find that claimants with chronic WADs used more health care in the year prior to the whiplash than claimants with non-chronic cases. This suggests that lower initial health capital increases the risk that a whiplash causes persistent WAD. This is important because it facilitates clinicians and insurers to more accurately predict the outcome of patients with whiplash injuries. Step 1 Estimate a probit model for the propensity score Step 2
Appendix
Draw an observation from the pool of whiplash claimants and remove the observation from this pool Step 3
Find the observation in the control pool with the propensity score closest to that of the observation from the whiplash pool picked in step 2.
Step 4
Put the matched control observation from step 3 back into the control pool Step 5
Go back to step 2 if there are any observations left in the pool of whiplash claimants 
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